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し、in vivo 血管イメージングプローブへの応用を行った。Ir(Ⅲ)錯体 BTQphen の配位子に
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Sensing and imaging biological species using luminescent molecules have become an essential 
technology for biological and medical research. Numerous fluorescent probes have been designed 
and synthesized based on fluorescent organic compounds during the past several decades. In 
contrast, the emission from the lowest excited triplet states, called phosphorescence, has attracted 
attention for bioimaging and sensing. Phosphorescence lifetime (μs–s) is usually much longer than 
fluorescence lifetimes (ns) because phosphorescence is a spin-forbidden emission. Phosphorescence 
is easily quenched by molecular oxygen (O2) because energy transfer reaction from triplet excited 
molecule to ground state oxygen occurs efficiently through bimolecular collisions. The use of 
phosphorescence quenching phenomenon is extremely effective in the detection and imaging of O2 
levels in living cells and tissues. In this study, phosphorescent Ir(III) complexes with 
cell-penetrating peptides were applied to intracellular oxygen probes and in vivo imaging probes. 
Aiming to improve cellular uptake of the probe, the ratiometric O2 probes with a cell-penetrating 
peptide were designed and synthesized. Also, on the development of these ratiometric O2 probes, it 
was found that the probes incorporating oligoarginine peptides administered intravenously to mice 
selectively stain the vascular endothelium. Thus, it is necessary to examine the usefulness of the 
Ir(Ⅲ) complex for in vivo vascular imaging. 
Chapter 1 provided an overview of oxygen measurements using phosphorescent metal complexes, 
the limitations of the reported phosphorescent probes, and the purpose of this study. 
In chapter 2, the ratiometric O2 probes with oligoarginine linker were designed and synthesized 
for intracellular oxygen sensing. The ratiometric O2 probe consists of a fluorescent unit (functioning 
as an internal standard) and a phosphorescent unit (functioning as an O2 sensor dye). The 
ratiometric measurement is performed by using the emission ratio between phosphorescence 
intensity and fluorescence intensity. However, the ratiometric probes reported so far cannot quantify 
O2 distribution in cells due to its low cellular uptake. In this study, the new ratiometric O2 probes 
7DEAC-R8-BTQphen (R8) and 7DEAC-R12-BTQphen (R12) were designed and synthesized. 
These probes have a blue fluorescent 7DEAC moiety and a red phosphorescent BTQphen moiety, 
which are connected with an octa- or dodecaarginine peptide linker to promote intracellular delivery 
of the probes. The probes showed oxygen-sensitive dual emissions in acetonitrile, lipid bilayer 
membrane, and in living cells. The cellular uptake efficiencies of R8 and R12 were significantly 
enhanced due to the presence of an oligoarginine linker compared to the previous probes with an 
oligoproline linker. These ratiometric oxygen probes allowed visualization of the O2 gradient 
produced by placing a thin coverslip onto a HeLa cell monolayer. 
In chapter 3, Ir(III) complexes BTQ-Rn (n = 4, 8, 12, 16) containing different lengths of arginine 
peptides were synthesized. The usefulness of these probes as a vascular imaging probe was 
examined by comparing FITC (tomato) lectin, which has an affinity to vascular endothelium. It was 
revealed that BTQ-Rn compounds (n = 8, 12, 16) selectively stain the vascular endothelial cells 
similar to FITC-lectin by luminescence microscope measurements of the renal cortex. The long 
phosphorescence lifetime allows visualization of the vascular structure without interferences from 
tissue autofluorescence using time-gated measurements. Furthermore, visualization of vascular 
networks in pathological tissues such as tumor and fatty liver was demonstrated using BTQ-R12. 
Dual-color imaging of hepatic tissues of living mice fed a high-fat diet using BTQ-R12 and the lipid 
droplet-specific probe revealed that there are small and large lipid droplets in the hepatocytes, 
causing distortion of the sinusoidal structure. These results demonstrate that BTQ-R12 is a useful 
probe for imaging vascular structure in normal and pathological tissues in vivo. 
Chapter 4 described the summary of this study and future perspectives. The phosphorescent 
probes based on Ir(III) complexes containing arginine peptides were synthesized and applied to 
sense and visualize intracellular oxygen levels and in vivo vascular network by using luminescence 
microscopic techniques. Because the intracellular oxygen levels can be easily measured by using 
these ratiometric probes, it is expected to be applied to various research fields such as biochemistry 
and medical research. 
